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HISTORICAL CONSIDERATIONS
ALTHOUGH non-prostatic bladder-neck obstruction was first described by Guthrie as early as 1830 in a paper read before the Royal College of Surgeons, the idea persisted that primary bladder 'atonicity' was the cause of the retention in such cases (Bransford Lewis, 1933) . No doubt this was due not only to ignorance of the underlying pathology but also to the dangers and limitations of early attempts at transurethral operative relief. However, even 30 years ago with this branch of surgery firmly established, surgeons were deterred by fear of incontinence from treating even gross cases of bladder-neck obstruction if disease of the central nervous system was demonstrable (Emmett, 1940) .
To Emmett himself and his colleagues at the Mayo Clinic belongs the chief credit for demonstrating that this fear was largely unjustified. Their earlier observations were carried out on patients with old incomplete cord lesions who although ambulatory had a spastic gait and relied upon sticks or crutches. It was noted that the severe urgency and incontinence from which these patients suffered were often relieved for several hours after estimation of the residual urine by catheterisation. The symptoms returned, however, as soon as the same volume of urine had re-accumulated. In these cases the bladder was found to be trabec ulated and although the bladder-neck occasionally appeared fairly normal it was often fixed or contracted and sometimes a 'hypertrophic bar, commissure or collar' was present. On such grounds bladder-neck resection seemed indicated and one of the first of these cases was operated upon on 23 February 1937, when a 36-year old man with an incomplete cord lesion at the 12th thoracic segment due to an old fracture was completely relieved of his urinary symptoms by removal of three grammes of tissue from his bladder-neck (Emmett & Greene, 1963) . Repeated success in this type of case led to a gradual extension of the operation to other types of cord bladder. The results were satisfactory in traumatic paraplegia and outstanding in tabes dorsalis, but not as good in other non-traumatic cases (Emmett, 1945 (Emmett, , 1947 Emmett et al., 1951) . Soon favourable reports appeared from other workers in this field (Thompson et al., 1947; Dees, 1948; Ross, 1951; Comarr, 1954; Bunts, 1958) and by 1957 Bors in a comprehensive and invaluable review could describe the literature on this subject as 'redundant'.
In spite of this there has been no major contribution to the subject from British centres and we have thought it worth while to record our own experience, presenting it against the background of a brief general review of the problem.
RATIONALE OF BLADDER-NECK RESECTION IN PARAPLEGIA
In disorders of the central nervous system two types of bladder dysfunction are found depending upon whether or not the mid-sacral reflex mechanisms remain intact. Either the bladder empties reflexly with defective voluntary control, or it is paralysed and has to be emptied by abdominal straining or manual compression, a process which may be assisted by the concomitant weakness of the external urethral sphincter. The extent of the disability in either case depends upon the severity of the neurological damage and mixed forms are occasionally found in which the detrusor and the external sphincter are affected differently as regards retention of reflex activity. The feature common to the two main varieties is ineffi cient bladder emptying and it is no exaggeration to say that this is the most important single factor affecting the long-term prognosis in paraplegia.
In sacral (lower motor neurone, or nuclear) lesions the causes of urinary retention include:
1. Detrusor contractions are abolished or weakened, and the expulsive force provided by abdominal straining or manual compression alone is often relatively poor. 2. The absence of detrusor contractions means failure of the normal mechanism (Lapides, 1958) whereby the bladder-neck is pulled open so as to shorten and widen the posterior urethra and reduce the resistance to urinary flow. 3. In some late cases obstruction develops at the level of the membraneous urethra, due to angulation or rigidity. This was first emphasised by Watkins (1936) and provided the first indication for division of the external urethral sphincter (Ross et al., 1957) . In supra-sacral (upper motor neurone, or supra-nuclear) lesions the factors causing a high residual urine are not so obvious, especially when one considers the efficiency of the infant's uncontrolled bladder. The fact remains that chronic retention develops in some of these patients even in the presence of powerful detrusor contractions.
1. The absence of co-ordinating impulses from the mid-brain is generally blamed and Emmett (1945) has suggested that in the infant extrapyramidal pathways provide the link, 2. Contractions of the external urethral sphincter and pelvic floor muscles may raise the urethral resistance in spastic cases. This may affect even the bladder-neck, because striated muscle has been shown to reach this level both anatomically (Beneventi & Marshall, 1956 ) and clinically (Bors et al., 1954)· In both types of bladder disorder but especially in sacral lesions (Jacobson, 1945) hypertonia and hypertrophy of the detrusor commonly deVelop, and the thick or spastic lower edge of the muscle increases still further the resistance at the bladder-neck. Inflammatory swelling and fibrosis naturally aggravate this ten dency, eventually producing obstruction due to a ledge or shelf at the internal meatus. Our cystometric observations have shown a marked reduction in the incidence of hypertonia in recent years and this complication may have been due mainly to infection.
Indications. From the foregoing considerations it is not surprising that bladder-neck resection is usually considered to be the surgical treatment of choice at all stages of the inefficient paralysed (non-reflex, autonomous) bladder. In the spinal reflex bladder, on the other hand, it is employed for the later organic bladder neck changes or as an alternative to destructive neurosurgical procedures (such as cordectomy, rhizotomy and pudendal neurectomy) which are designed to reduce spasticity of the urethra but may also destroy sexual function.
The basic indication is a residual urine large enough to cause or threaten persistent dilatation or infection of the urinary tract, the relevant criteria having been arrived at empirically. Bors (1957) on the basis of a minimum bladder capacity of 250 ml. found acceptable a residual urine of 20 per cent. in cases with complete upper motor neurone lesions and 10 per cent. in those with lower motor neurone or incomplete upper motor neurone lesions. As Comarr (1959) has pointed out, however, such figures should be regarded only as a guide and if a patient with a higher residual urine shows no sign of infection or hydronephrosis he may be kept under observation whereas another patient may not tolerate even a small amount of residual urine.
The time factor is also of importance. It is well known that reflex bladder function may return at any time from several weeks to several years after a supra sacral cord injury, though most commonly within the first six months. From Bors' (1957) comprehensive review it is clear that an early recovery is to be expected in patients with relatively low or incomplete lesions and that tidal drainage does not reduce the interval. Comarr (1959) has advocated employing conservative measures including 'bladder-training' and various nerve blocks for at least a year before undertaking more radical treatment and has found fewer bladder-neck resections necessary in recent years. Bunts (1958) has also advised a 12 months' delay but has reported a constant incidence of bladder-neck resection at his Centre over the years.
It is unfortunate that there is no test available whereby the effect of bladder neck resection may be predicted in the way that destructive neurological pro cedures may be selected on the basis of preliminary nerve blocks. However, the operation has no undesirable side-effects and if it should fail, the success of second ary measures will not be prejudiced.
Our own experience is based upon the care of a total of 484 cases of paraplegia from all causes admitted to the Liverpool Regional Paraplegic Centre from 1947 to March 1964 (Table I) . Excluding early non-urological deaths (40) and patients without bladder involvement (47) as well as females (25) whose problems are somewhat different, 372 patients remain for consideration. Our indications for 
299 3. Vesico-ureteric reflux. Subarachnoid alcohol block and rhizotomy have never been used specifically to relieve retention of urine but only when demanded by lower limb spasticity. This has not been such a common problem in recent years presumably due to improved general management of the patient. We have sometimes shared the feeling expressed sporadically in the literature, however, that some complete upper motor neurone cases might benefit from a 'deliberate conversion to the lower motor neurone type with regard to both bladder control and the intregity of the upper urinary tracts, The choice between bladder-neck resection and pudendal neurec tomy has been made in relation to the presence or absence of sacral reflex activity as well as to the cysto-urethrographic and cysto-urethroscopic findings. During endoscopy observation of the bladder-neck has been supplemented by careful palpation against the instrument. Abnormal thickening has been regarded as an important indication for bladder-neck resection. Finally, as our patients have become increasingly aware of the effect of various operative procedures on sexual function we have employed pudendal neurectomy less often and resorted instead to bladder-neck resection or division of the external sphincter or both.
During the period under review 108 patients have been subjected to bladder neck resection, including a few whose operations were done elsewhere but whose records are available for assessment. In 60 of these cases the cord lesion was complete. This resection incidence of 29 per cent. is bound to be an underestimate as some of our more recent admissions have not yet been rehabilitated fully.
Figures given in the literature range from 10 to 20 per cent. or more, but these are not necessarily comparable as they may include the categories mentioned above, which we have excluded as not being eligible for bladder-neck resection.
The intervals between the onset of paraplegia and bladder-neck resection in this series are summarised in Table II . It will be noted that in almost half of our cases the operation was carried out within 12 months and this is so much at variance with other reports referred to above that some explanation appears to be called for.
In the first place the general policy of our Unit has been increasingly one of early mobilisation limited only by the presence of spinal instability in incomplete trau matic cases. As a result the average duration of in-patient stay of new cases admitted in recent years has been only four months and persistent urinary retention has often been the main delaying factor in their discharge. Under these circum stances we have sometimes not felt justified in waiting indefinitely for return of bladder reflex contractions. Secondly we have not been sufficiently convinced of the value of 'bladder-training' (Munro, 1947; Comarr, 1959) or nerve blocks (Bors et ai., 1950) in improving reflex bladder efficiency to divert our limited resources in those directions. These factors have perhaps influenced us towards early operation for cases with a persistently high residual urine. It is admitted that a more conservative policy might have reduced the need for bladder-neck resection but we have rarely found that a patient who has been discharged with a border-line residual urine has undergone spontaneous improvement. On the other hand, shortening of the period of catheterisation by early operation has helped to reduce the incidence of urological complications.
In the past few years we have done notably fewer bladder-neck resections despite a marked increase in the rate of admission of new patients. This may well be due to the diminishing rate of cross-infection in the Unit, a trend which is exemplified by a reduction in the incidence of ureteric reflux from 30 per cent. to 7 per cent. in recent years. (Ross et ai., 1960.) Technique. All are agreed that when carrying out a bladder-neck resection on a paraplegic it is essential to adopt a cautious approach and to be prepared to repeat the operation, if necessary, to achieve the desired result. This minimises the risk of producing incontinence in the case with a lower motor neurone lesion in which the resistance to flow in the distal urethra is subnormal. Furthermore, as Emmett (1947) has pointed out, the bladder wall in paraplegia may be thickened and indurated so that it may be cut more crisply and deeply than under normal circumstances, thus accentuating the risk of perforation and aggravating the tendency to haemorrhage.
The ultimate extent of the resection likely to be required is, however, the subject of some controversy. Emmett and Greene (1963) have stated that it is nec essary to remove not only the bladder-neck in its entire circumference but also the adjacent bladder wall and all prostatic tissue down to the verumontanum. On the other hand, Bors (1957) has advocated a limited resection involving the anterior half of the bladder-neck in cases with upper motor neurone lesions which benefit temporarily from a pudendal nerve block and Comarr (1959) has claimed that a more posterior 'tenotomy' may be sufficient in the lower motor neurone patient. In most of their patients, however, these two workers have resected the posterior half of the bladder-neck (Comarr, 1954) . Several authors have mentioned extend ing the later resections to include the proximal margins of the external sphincter in unresponsive cases (Baker et ai., 1950; Burns & Kittredge, 1958) .
At our own Centre 83 of the 108 patients had a single bladder-neck resection, 23 had two and three had three, making a total of 138 operations. The number of multiple operations is less than in some other series (Comarr, 1954; Burns & Kittredge, 1958) , a point which will be referred to later. The extent of the opera tion has depended upon the neurological, cysto-urethrographic and cysto-urethro scopic findings. In eight patients a trans vesical approach was adopted reluctantly for technical reasons, but in the remaining 100 a 27 Charriere Thompson cold punch was used, including five of the eight patients with sizeable adenomata. An obstructing ledge or collar was deemed to be present in 56 out of the 100 non adenomatous cases. About half our non-adenomatous resections have been posterior and lateral and a quarter circumferential. The remaining operations have included a few anterior lip resections as well as some internal sphincterotomies performed with a Collings' diathermy knife. On several occasions we have not hesitated to continue the resection or division down through the external sphincter if this seemed indicated. Resected tissue has usually weighed between 2 and 3 grammes.
Complications. As in most other published series, there have been no post operative deaths in our cases. Haemorrhage has often been troublesome and all cases have been transfused routinely so as to maintain a normal haemoglobin level. In eight cases clot retention occurred; in one, the use of an evacuator proved successful, but in four patients transurethral diathermy coagulation was required. In the remaining three cases temporary suprapubic cystostomy was performed. In only one case has extravesical extravasation of fluid occurred and this was treated successfully by retropubic drainage.
Results. Statistical assessment of results in this field is difficult especially if non-traumatic cases are included as in the present series, and comparison with other reports is complicated by differences in the clinical material, in the criteria of success and in the duration of follow-up. Comarr (1954) In our own series only 16 of the 108 patients undergoing bladder-neck resection had already been subjected unsuccessfully to subarachnoid alcohol block, pudendal neurectomy or division of the external sphincter showing that the bladder-neck operation has been our first choice in the great majority of cases. Our criterion of success has been a reduction in residual urine for a worthwhile period to a level deemed unlikely to cause or perpetuate dilatation and infection of the upper urinary tracts. From Table III it will be seen that bladder-neck resection alone gave satis- 
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factory results in 67'5 per cent. of cases. The resection may also have contributed to the successful outcome in a further I9'5 per cent following supplementary pro cedures such as subarachnoid alcohol block, pudendal neurectomy and division of the external sphincter. All but two of these external sphincter divisions were carried out for relief of reflex urethral spasticity as an alternative to destructive neurological procedures. Our confidence in this operation (Ross et al., I957, I963) has led us to adopt it in some cases in preference to a second bladder-neck resection, and this factor explains the few multiple bladder-neck resections referred to above. The absence of any specially favourable trend in incomplete lesions may be due to the fact that these have usually been near-complete in our series. The failure of an additional organic obstruction, either adenomatous or fibro-muscular, to influence the results is noteworthy. A comparison of the results obtained by different operative procedures has proved interesting. An excellent response was obtained in all three cases treated by postero-bilateral division of the internal and external sphincters. As this operation can be carried out bloodlessly using Colling's diathermy knife-and-ball electrode it seems worthy of further trial. Both cases treated by division of the internal sphincter alone were failures but in these sub sequent bladder-neck resection was also unsuccessful. In one case resection limited to the anterior lip proved effective. Circumferential resection has given a higher percentage (72) of successes than the postero-Iateral operation (6I per cent.) but this may not be significant. A typical result from bladder-neck resection in a case with a posterior ledge is illustrated in Figure I . The rare anterior lip is shown in Figure 2 . In this case division of the external sphincter was required in addition to resection of the proximal obstruction. Figure 3 reveals an even more complex example of the diffi culties involved in the type of case under consideration. Despite a wide-open proximal urethra and abolition of sacral reflex activity the patient was unable to empty his bladder. There is no obvious alternative to division of the external sphincter if permanent drainage is to be avoided.
An analysis of the I4 failures is revealing: three had disseminated sclerosis; two had ankylosing spondylitis and two patients refused the offer of further bladder neck surgery. Three tetraplegics were deemed unsuitable for further operations for various reasons. Three other patients had longstanding urological compli cations and the remaining patient continued to have hydronephrosis and infection despite bladder-neck resection, subarachnoid alcohol block and pudendal neurec tomy.
In conformance with our general policy all the patients under consideratiQn here have been followed up regularly year by year whenever possible and the urological check-up has included intravenous pyelography and estimation of the blood urea and residual urine. As might be expected in a series with such a high proportion of non-traumatic cases and including many neglected patients, from the early days there has been a high mortality from both urological and non-uro logical causes. The fate of those who did well initially following bladder-neck resection or bladder-neck resection supplemented by another procedure is o . utlined in Table IV . Of the I7 patients lost to the follow-up nine are known to have left the region, two have been uncooperative and only six remain untraced. The deaths from renal failure have occurred mainly in early neglected patients or among non traumatic cases with progressive disease (Table V) . Fifty-four patients have been followed to date, that is for periods varying from a few months to I7 years and 47 of those have continued in good urological condition. Seven patients have shown deterioration in the form of an increase in residual urine with back pressure changes or infection and two of these have refused further operative measures. In the other five (Table VI) the adverse changes have been reversed by various operations; in one by repeated bladder-neck resection after three years; in one by pudendal neurec tomy after four years and division of the external sphincter after another nine years; and in three by division of the external sphincter after 3, 13 and 16 years. In all four patients subjected later to division of the external sphincter sacral reflex activity was absent. This circumstance has been referred to above under 'Rationale'. The long intervals between the original bladder-neck resection and the later procedure in the above mentioned cases emphasise the necessity stressed by Damanski and Gibbon (1956) of regular follow-up of all paraplegics for the rest of their lives. 2. Indications and technique are reviewed, and the practice in the Liverpool Centre is illustrated by reference to lO8 patients selected for bladder-neck resection out of the 484 cases of paraplegia from all causes admitted between the opening of the Centre in 1947 and March 1964.
3. The relative high incidence of bladder-neck resection (approximately 30 per cent. of the 372 male paraplegics at risk) and the relatively early resort to opera tion (nearly 50 per cent. within the first 12 months) at this Centre are noted. These features are attributed to the requirements of the rapid programme of physical rehabilitation established in recent years. (The average duration of stay of all new cases admitted in the past few years is four months.)
4. In our Centre repeated bladder-neck resection has not been so common as elsewhere, probably because of the confidence felt in division of the external sphincter as a supplementary procedure.
5. Complications have been few, and mainly associated with haemorrhage. There has been no operative mortality.
6. The early results of bladder-neck resection, supplemented occasionally by other procedures, have been satisfactory in 94 out of the 108 patients.
7. The long-term follow-up has shown that, excluding patients with pro gressive neurological disease and neglected cases with irreversible renal damage at the time of operation, the benefits of bladder-neck resection have been well main tained.
8. The necessity in a minority of patients for further operations to deal with recurrence of residual urine after many years emphasises the importance of a regular follow-up system. RESUME I. L'historique de la resection du col vesical dans la paraplegie est presentee et la raison d'etre de l'intervention est envisagee.
2. Les indications et les techniques sont pas sees en revue, et l'experience de Centre de Liverpool est illustree par l'etude de 108 patients selecticnnes en vue d'une resection du col vesical parmi 484 cas de paraplegies de toutes etiologies admis pendant une periode allant de l'ouverture du Centre en 1947, au mois de mars 1964.
3. La proportion relativement el evee dans ce Centre de resections du col vesical (approx imativement 30% des 372 hommes paraplt!giques) et la date relativement preccce de l'intervention (presque 50% dans les premiers douze mois) est notee. Ces faits sont attribues aux exigences du programme de reeducation physique accelere qui a ete etabli ces dernieres annees. (La duree moyenne de sejour de tous les nouveaux cas, admis dans les dernieres annees, est de quatre mois.)
4. Dans notre Centre les resections repetees du col vesical n'ont pas ete aussi frequentes qu'aill eurs, probablement a cause de la confiance que nous avons dans la resection du sphincter externe, comme procede complementaire. bladder-neck, as this did not occur; it did not even occur when the external sphincter was divided. Incontinence was a very complex process involving a lot of other factors as well as the sphincters; it involved, as Mr. Gibbon had pointed out, the length of the tube itself, the elasticity of the bladder-neck, the structure of the bladder-neck, the actual shape of the lumen of the urethra, all these factors came in and one did not get incontinence even after division of the external sphincter. The other point was that perhaps Mr. Gibbon had perhaps been taken up wrongly over the question of doing early resections for speeding up the recovery of the patient; he really thought the main purpose in doing these early resections was to eliminate the indwelling catheter. He thought everyone would agree that the sooner this could be dispensed with the better for the patient, and he thought this was what early resection did achieve.
HARDY, A. G. (England), commenting upon this terminology, said he did not know how they could say that they could eliminate incontinence when the patient was already incontinent. That was a very difficult expression. They were operating upon people who were incontinent, so it was a matter of making them more or less incontinent. Incontinence was a relative expression and this should be recorded.
WALSH, J. J. (England) wished firstly to endorse what Mr. Gibbon had said about doing small resections repeatedly and also what Mr. Cosbie Ross had said about discontinuing the indwelling catheter as early as possible. In this respect, he thought they had carried that to its ultimate and at Stoke Mandeville they did not have it at all. They had had to do resections on patients who had not had an indwelling catheter, and one might well have to do these operations early. He thought that in an ordinary, straightforward transverse lesion or even in a low lesion if one could not establish micturition at the end of 12 weeks one would be justified in trying to relieve mechanical obstruction by doing a resection. Another point, which he thought Mr. Gibbon had touched upon, was the question of post operative haemorrhages; at one time he used to spend long periods dealing with clot retention, and he had learned from experience that even an extra quarter of an hour spent in haemostasis at the operation was very well worth while to achieve complete or almost complete haemostasis. SILVER, J. (England) remarked that Mr. Gibbon had said early on in his dis cussion that he would discuss bladder training, and he did not seem to be very convinced of its value in his later discussion. He wondered if Mr. Gibbon could elaborate on this. GIBBON, N. (England) said he was reluctant to get drawn into this because one could not deal with it adequately in a few minutes. He knew of no evidence which would convince him that so-called bladder training really trained the bladder at all. He thought one might train the patient to fit in with his bladder, which was a different matter altogether. He had hunted for these patients with trained bladders all over the world and had not seen one yet. POOL, G. M. (Holland) thought that bladder-neck resection was done for spasticity of the external sphincter and Dr. Rossier had told them two years ago that he could achieve relaxation of the bladder by inserting procaine or xylocaine, and he wondered if it were possible to predict the result of the operation if procaine or xylocain were given beforehand; if one obtained relaxation he thought the bladder neck resection was justified-otherwise perhaps it was not. GIBBON, N. (England) said there were two points here. One was that it was unfortunate, as Dr. Emmett had pointed out in his writing, that there was no test beforehand which would enable one to say definitely whether bladder-neck resection would relieve a patient's retention. With regard to pudendal neurectomy, rhizo tomy and alcohol block, one could give a preliminary test in the form of a short acting local anaesthetic, either nerve block or into the theca, and say whether it was likely that the permanent destructive operation would achieve the desired result. There was unfortunately no reliable test as far as the bladder-neck was concerned. Any injection would, of course, increase the resistance at the neck of the bladder by local swelling and he did not think that anyone had found this very satisfactory. With regard to the reason for resection of the external sphincter, originally they had done this operation in precisely those patients who had no spasticity and therefore were not amenable to destructive neurosurgical procedures or blocks. Often in lower motor neurone cases there was some sort of resistance which was not spastic nor was it a stricture, but division of that region produced relief. Later, they extended the operation to cover cases who had a spastic obstruction there but in whom they did not want to do destructive neurosurgical procedures becaJ.].se in young cases one did not want to make them impotent. This was how the matter could rest historically.
With regard to incontinence, to answer Dr. Hardy if one had a patient with a big residual urine he might be made completely continent by eliminating his residual urine-he might have some control but be unable to manage if he had a big residual urine. In the same way, a low sacral lesion might be made completely continent by relieving his residual urine; he could empty by straining and tell when the bladder was full, and if he did not leave it too long he would not even have stress incontinence. With regard to complete upper motor neurone lesions, the patients were incontinent and could be trained to adapt themselves to their in continence but they could not be made continent by bladder-neck resection or anything else. One could relieve their upper urinary tracts and their infection by reducing the resistance at the outlet of the bladder. Mr. Gibbons said that Mr. Ross had already corrected his initial statement regarding early resection of the bladder-neck and he now confirmed that they did these operations early because they thought they were good for the patients. They had perhaps felt a bit of pressure in the past but they were doing the right thing now on their own account and he apologised if he had maligned his neurological colleagues.
